We tested the hypothesis that mother birds counterbalance the negative e¡ects of hatching asynchrony for later-hatched chicks by increasing the yolk androgen concentrations in consecutive eggs of their clutch. In doing so, they may adaptively tune each o¡spring's competitive ability and, thus, growth and survival. However, evidence in support of this hypothesis is contradictory. The yolk concentrations of maternal androgens in the eggs of black-headed gulls increase signi¢cantly with the laying order of the eggs in a clutch. We experimentally tested the functional consequences of this increase on chick development under natural conditions by injecting eggs with either an oil or androgen solution. We created experimental clutches in which androgen levels either stayed constant or increased with laying order while controlling for di¡erences in egg quality by using only ¢rst-laid eggs. We then compared development, growth and survival between these broods. Androgen treatment enhanced embryonic development because androgentreated eggs hatched half a day earlier than controls, while their size at hatching was similar to oil-treated controls. Androgen treatment did not increase chick survival, but it enhanced growth. Androgen-treated, third-hatched chicks had a higher body mass and longer legs than third-hatched chicks that hatched from oil-treated eggs. At the same time, growth of ¢rst chicks (which were all oil treated) was reduced by the presence of two androgen-treated siblings, suggesting that yolk androgens enhance the competitive ability of later-hatched chicks. Our results support the hypothesis that transfer of di¡erent amounts of androgens to the eggs of a clutch is a mechanism by which mothers maximize their reproductive output.
INTRODUCTION
The number of studies that are applying endocrinology to the investigation of adaptive behavioural strategies is increasing rapidly. Recent studies in vertebrates have shown that hormones of maternal origin are transferred to the o¡spring via the egg yolk, and may in£uence several developmental processes (Feist et al. 1990; AdkinsRegan et al. 1995; Conley et al. 1997; Janzen et al. 1998; McCormick 1999) . It has been shown in birds that yolk steroid hormones are of maternal origin, correlate with the hormone levels of the mothers and di¡er with laying sequence within the clutch (Schwabl 1993; Schwabl et al. 1997; Gil et al. 1999; Lipar et al. 1999; Sockman & Schwabl 2000; French et al. 2001; Royle et al. 2001) and with environmental conditions (Schwabl 1996a) . Betweenspecies levels may increase or decrease with laying order, suggesting that there are species-speci¢c strategies of hormone allocation by the mother.
It is hypothesized that di¡erential allocation of maternal androgens to consecutive eggs of the same clutch has a function in modifying the size hierarchy that arises among chicks of a brood as a result of hatching asynchrony. Hatching asynchrony occurs in a wide variety of bird species and several hypotheses for its adaptive value have been proposed (Clark & Wilson 1981; Hahn 1981; Graves et al. 1984) , of which Lack's (1947) `b rood reduction hypothesis' is the most prominent. This hypothesis proposes that, when food supply is poor during the nestling phase, the established size hierarchy among the chicks facilitates the reduction of the brood to the adequate size. In cattle egrets Bubulcus ibis, a facultative siblicidal species, higher yolk androgen levels in ¢rst-hatched chicks may enable them to eliminate younger siblings (sibs) swiftly when food availability does not allow for raising a full brood (Schwabl et al. 1997) . However, the size hierarchy and accompanying competitive asymmetry within the brood may result in brood reduction when food is abundant, thereby reducing ¢tness (Forbes 1994) . The combination of hatching asynchrony and di¡erential androgen allocation will allow mothers to tune the survival probabilities of their individual o¡spring adaptively according to the circumstances prevailing at the time of egg laying (Schwabl 1996a; Eising et al. 2001) . This may give mothers the upper hand in parent^o¡spring con£ict (Winkler 1993 ). Yet experimental proof is scarce. A study on domesticated canaries revealed increased growth rate, begging vigour (Schwabl 1996b) and aggression (Schwabl 1993) in chicks hatching from eggs with higher maternal androgen concentrations. Although the increased competitive ability of these chicks could not fully compensate for the disadvantageous e¡ect of the sibling size hierarchy, these results support the idea that di¡erential allocation of maternal androgens may adaptively modify the competitive hierarchy within a brood. The only study to date that tested this hypothesis under natural conditions was conducted in the American kestrel, in which yolk androgens are also higher in laterlaid eggs (Sockman & Schwabl 2000) . The study failed to support the hypothesis because, in contrast to what was expected, chicks from eggs with experimentally increased androgen levels hatched later and showed reduced growth and lower survival.
We conducted a ¢eld experiment in which we manipulated the yolk hormone concentrations of black-headed gull eggs by mimicking the normal increase in yolk androgens from egg to egg while controlling for egg quality by using only ¢rst-laid eggs. Black-headed gulls lay a modal clutch of three eggs that hatch asynchronously. Androgen levels in female black-headed gulls are high during the egg-laying phase (Malickiene 1999) , and the concentrations of testosterone and androstenedione in the yolk increase signi¢cantly with laying order (Groothuis & Schwabl 2001 ; present study). Black-headed gull parents feed their chicks by regurgitating food onto the ground, over which the chicks then have to compete. Elevated levels of plasma androgens after hatching not only enhance the aggressiveness of chicks of this species in the short term (Groothuis & Meeuwissen 1992) , but also have long-term e¡ects on aggressiveness (Ros 1997) . Therefore, it is likely that chicks hatching from later-laid eggs, in which they were exposed to high androgen levels during embryonic development, may be better competitors when competing for food with older siblings.
We measured and manipulated testosterone and androstenedione concentrations in the eggs of blackheaded gulls in order to determine whether increasing yolk androgen levels in relation to laying order enhance the growth and survival of chicks. We hypothesized that chicks hatching later within a brood bene¢t from elevated androgen levels through an increase in their competitive ability, resulting in enhanced growth and survival.
METHODS

(a) Study area and species
Eggs were collected and the exp eriment was conducted in two black-headed gull colonies (ca. 1250 and 500 breeding p airs, respectively) on the north coast of The Netherlands. Blackheaded gulls are monogamous colony breeders and defend small breeding territories on the salt marsh. Clutches typically contain three eggs (Cramp & Simmons 1983) , which are laid over a three-to ¢ve-day p eriod (average three and a half days). On average, the eggs are incubated for 23 days and hatch over a one-to four-day period (average two days). Young typically £edge at the age of 26^28 days (Glutz von Blotzheim & Bauer 1982) . The nest is situated on the ground. Both males and females incubate the eggs and participate in chick rearing. Food consists mainly of shrimps, worms, crabs and small ¢sh.
(b) Egg collection and androgen assays
In 1998, empty nests were marked with sticks and checked every day for egg laying. Freshly laid eggs were marked with a non-toxic marker and collected for androgen analyses. The eggs were stored at 720 8C upon arrival at the housing facilities. Collected eggs were replaced with similar looking, marked, substitution eggs in order to prevent desertion of the nests. When three eggs of matching size and coloration were laid within a p eriod of ¢ve days we were sure we had the ¢rst-, second-and third-laid eggs of the same female and only those clutches (nˆ41) were used in the analyses.
Within seven months of collection, frozen eggs were thawed for 1h, after which the yolk and albumen were separated. Yolks were weighed and homogenized with an equal (1ml p er gram of yolk) amount of water. Approximately 300 mg of this mixture was used for analysis. The extraction and radioimmunoassay procedures were as according to Schwabl (1993) . We measured testosterone and androstenedione concentrations in single radioimmunoassays with interassay coe¤cients of variation of 3.37 and 2.47% for androstenedione and testosterone, resp ectively. Dihydrotestosterone and oestradiol levels were found to be low in a previous study (Groothuis & Schwabl 2001 ) and were therefore not measured or manipulated in this study.
(c) Experimental design
In spring 1999, we created two types of nests containing three eggs. Since it is very p robable that, besides di¡erences in yolk androgen content, the eggs of a clutch also di¡er with laying order in mass, protein and water content and vitamins (e.g. in the common tern Sterna hirundo) (Heaney et al. 1998; Royle et al. 2001) , we used only ¢rst-laid eggs for comp osing the exp erimental clutches. Since ¢rst-laid eggs have the lowest maternal androgen concentration, we were able to manipulate the hormone level by injections without exceeding the levels normally found in later-laid eggs.
Although they were all ¢rst-laid A eggs, the three eggs will be referred to as A, B and C eggs, A being the ¢rst-and C the last-hatched egg. Chicks hatching from A, B and C eggs will be regarded as`siblings'. The exp erimental nests consisted of either three oil-treated eggs (A oil, B oil and C oil, which will be referred to as oil nests) or one oil-(A egg) and two androgen (H)-treated eggs, with doses increasing with hatching order in order to mimic the natural situation (A H 0 , B H 1 and C H 2 , which will be referred to as H nests). Note that in these clutches the A egg was always oil injected. The eggs of the experimental clutches were matched for egg weight. Hatching interval was ¢xed at one day by placing the eggs into the clutches at 24 h intervals.
In order to ensure that an egg was a ¢rst-laid egg, colonies were visited daily and all single eggs were marked as`1' using a non-toxic, water-resistant marker. Measurements of mass, width and length were taken using a balance and callipers, and laying date was noted. If a nest had gained an additional egg upon a next visit, this egg was marked as`2' and the next egg as`3'. When a nest was completed with three eggs, egg 1 was considered to be the ¢rst-laid egg and was used in an experimental clutch. If any of the eggs in a nest deviated in shap e, colour or pattern, this nest was excluded from the experiment since this may have indicated that the nest contained eggs of more than one female and, therefore, that the laying order was not unambiguously ascertained.
After clutch completion, the yolk of the ¢rst-laid egg was injected with either 50 ml of vehicle (sterile sesame oil for A, B and C eggs in oil nests and A eggs in H nests) or 50 ml of androgen solution (B and C eggs in H nests). Androgen treatment consisted of injection of a mixture of 0.09 mg of testosterone (4-androsten-17b-ol-3-one) (Sigma, Germany) and 7.5 mg of androstenedione (5a-androstane-3, 17-dione) (Sigma, Germany) p er 50 ml of vehicle for B eggs and 0.12 mg of testosterone and 10.0 mg of androstenedionep er 50 ml of vehicle for C eggs. Because of the variable concentrations found in ¢rst-laid eggs, the total androgen concentrations after injection may have been high in some eggs, but were probably within the physiological range found for second-and third-laid eggs (present study). The injections were made with a 25 G needle. The hole in the shell was then sealed with a tiny strip of £exible wound dressing (Opsite, Smith & Nephew, Hull, UK). All eggs remained in their original nest for incubation until the p ipping stage. In order to ensure that none of the chicks were raised by their own parents, all experimental eggs were relocated to foster nests at this stage. In order to produce equal hatching intervals in all nests, we placed an A egg into an experimental nest on day X, a matching B egg on day X + 1 and a matching C egg on day X + 2.
All experimental nests were situated within enclosures (wire mesh covered with cloth of 40^50 cm height) that varied in size from 30 to 100 m 2 . Enclosures always contained from 10 up to 25 nests for both oil and H nests. After hatching, all chicks were marked with a small numbered plastic band for individual identi¢cation.
(d) Experimental nests
We injected 595 eggs within a two-week period. We were able to create 46 nests (22 oil nests and 24 H nests) from the 231 eggs that hatched, which each contained three chicks that hatched from eggs with equal egg mass and with the desired degree of hatching asynchrony. The average hatch date did not di¡er for oil-and H-treated clutches (two-sample t-test, t 55ˆ0 .852 and pˆ0.398).
(e) Survival and growth
Survival of chicks was assessed by recording the presence of each chick in the enclosures at least every other day. During their ¢rst two weeks after hatching, chicks were considered dead when found as such or when not found again during the rest of the experiment. When older than two weeks, missing chicks as well as their sibs were excluded from the survival analyses when they were not found dead because they may have managed to escap e from the enclosures. Their sibs were also excluded from the analyses because this`brood reduction' had altered the comp etitive p osition of the remaining chick(s).
We measured body mass and tarsus p lus toe (leg) length of all chicks every second day in order to determine whether chicks hatching from androgen-treated eggs grew faster than chicks hatching from oil-treated eggs and whether the e¡ects of androgen on growth dep ended on hatching order. Body mass was measured beginning on the day of hatching, and leg length was ¢rst measured when chicks were one day old. Chick body mass was measured to the nearest 0.5 g using a Pesola sp ring balance and leg length was scored to the nearest 1 mm with a ruler. The data set of the 46 three-chick nests consisted of 665 body mass and 538 leg length measurements. It should be noted that the sample size decreased with age from 46 to 9 nests as nests in which one or more chicks died or disappeared were withdrawn from the analyses. We followed chick development in the ¢eld until they were at least 30 days old, after which we brought them into the laboratory in order to monitor development until maturity. The birds were considered to have £edged at an age of 30 days.
(f ) Statistical procedures
The data on androgen levels in natural clutches and time until hatching of exp erimental eggs are presented as means and standard errors (s.e. ). The relationship between androgen levels and laying order was tested using a repeated-measures ANOVA. Survival was tested using the Wilcoxon Gehan statistic in the Life Tables option of SPSS and the w 2 -statistic. The e¡ects of treatment and hatching order on size at hatching were tested using parametric statistics (Pearson correlations and one-way ANOVAs). The data on body mass and leg length were analysed using hierarchical linear modelling (Bryk & Raudenbush 1992; Loonen et al. 1999 ) on the raw data using the MLWin Program. This method accommodates unbalanced data and allows analyses of variances and covariances, while simultaneously taking into account the nested relationships between nest mates and rep eated measures of the same chick and controls for multiple (indep endent) variables. A growth curve was ¢tted for each model with age and age 2 as indep endent variables until the point where the curve began to level o¡ (14 days for leg length and 21 days for body mass). The e¡ect of age, age 2 , nest treatment, hatching order and p ossible interactions were tested. Age contributed signi¢cantly (¬ˆ0.05) to the model in all tests and, therefore, these statistics are not presented. Signi¢cance was based on a two-tailed t-test. Only variables that contributed signi¢cantly (¬ˆ0.05) to the model were retained. Only these p-values are presented in the text. A full description of the model and the comp lete output can be found in electronic Appendix A. Colony had no e¡ect on any of the dep endent variables and was therefore excluded from the analyses. Post hoc analyses were p erformed using the same test for subsamples and sequential Bonferroni correction. For optimal graphical representation of the growth data, we normalized the mass and leg length measurements for all chicks at all ages by subtracting the means of B oil chicks (the intermediate group) from each nestling's body mass or leg length. Each point in the ¢gure 2 graphs represents the di¡erence in means between the groups.
RESULTS
(a) Androgen concentrations in natural clutches
The testosterone and androstenedione concentrations measured in the ¢rst-, second-and third-laid eggs of 41 nests are shown in table 1.
The repeated-measures ANOVAs indicated that the concentrations increased signi¢cantly with laying order for both testosterone (F 2,39ˆ9 .335 and p 5 0.001) and androstenedione (F 2,37ˆ7 .096 and p 5 0.005). Post hoc contrasts indicated that ¢rst-laid eggs had a lower androstenedione concentration than second and third eggs, whereas the testosterone concentration was signi¢cantly di¡erent for all eggs. We used this information for calculating the dosages in the experimental clutches in which we tested the e¡ects of maternal androgens. We injected dosages of testosterone and androstenedione into ¢rst-laid eggs that mimicked those in ¢rst-, second-and third-laid eggs in natural clutches.
(b) Hatching success and time to hatch
The hatching success and incubation times of the eggs in experimental clutches are presented in table 2.
Hatching success did not di¡er between the three treatments (w 2ˆ4 .46, d.f.ˆ5 and n.s.). However, time to hatch was signi¢cantly a¡ected by treatment (one-way ANOVA, F 2,184ˆ0 .80 and p 5 0.05). Post hoc contrasts indicated that eggs treated with the highest androgen concentration (C H 2 eggs) hatched sooner than B H 1 or oil-treated eggs. This result is very interesting in itself but it does not in£uence the interpretation of the present experiment for the following reasons. First, our experimental clutches were set Yolk androgens enhance chick development and growth C. M. Eising and others 841 up in order to control the hatch interval between subsequent eggs of a clutch (always one day apart) and, second, these earlier-hatching chicks had the same size at hatching (see below). Thus, only a direct e¡ect of androgens in the egg on competitive abilities or androgen-induced earlier hatching accounts for the enhanced growth rates that are reported below.
(c) Survival
Survival up to the age of 30 days could be accurately recorded in 19 oil and 15 H nests that contained three chicks. Survival of ¢rst-hatched chicks was highest and survival of third-hatched chicks was lowest in both oil (¢gure 1a) and H (¢gure 1b) nests. The timing of brood reduction was also similar in both types of nests. The fraction of surviving chicks decreased signi¢cantly with hatching order in both oil (Wilcoxon Gehan statisticˆ13.354 and p 5 0.002) and H nests (Wilcoxon Gehan statisticˆ9.678 and p 5 0.01). Androgen treatment did not a¡ect the survival chances of second-(Wilcoxon Gehan statisticˆ0.628 and pˆ0.43) or third-hatched chicks (Wilcoxon Gehan statisticˆ0.125 and pˆ0.72). The survival chances of ¢rst-hatched chicks, which were oil injected in both types of nests, were also not in£uenced by the presence of treated or non-treated sibs (Wilcoxon Gehan statisticˆ0.449 and pˆ0.50). On average, 1.26 ( § 0.27) chicks £edged from oil nests and 1.67 ( § 0.25) chicks £edged from H nests. These numbers were not signi¢cantly di¡erent (t 32ˆ7 1.058 and pˆ0.298).
(d) Growth (i) Body mass
The hatching mass of the chicks was strongly correlated with egg weight (rˆ0.411, nˆ152 and p 5 0.01) and did not vary between the two types of nests (F 1,139ˆ0 .007 and pˆ0.93) or with hatching order (F 2,139ˆ0 .806 and pˆ0.45). However, in the following weeks A chicks in H nests tended to be lighter (¢gure 2a) and C chicks in H nests tended to be heavier (¢gure 2c) compared with their oil-treated counterparts. Indeed, the overall e¡ect of nest treatment in the model was not signi¢cant (pˆ0.139).
There was a signi¢cant e¡ect of hatching order on mass (pˆ0.001). Regardless of treatment, ¢rst-hatched chicks were heavier than second-hatched chicks, which were heavier than last-hatched chicks. However, the e¡ect of hatch order on chick mass depended on treatment, as indicated by a signi¢cant treatment £ order interaction term (pˆ0.001). A chicks in oil nests that had to compete with two oil-treated sibs had a higher body mass than A chicks in H nests that had to compete with two androgentreated sibs (¢gure 2a). Post hoc analyses of this di¡erence in mass over the ¢rst three weeks showed that it was signi¢cant (pˆ0.010). In contrast, over the same period, B chicks in H nests were signi¢cantly heavier (pˆ0.046) than B chicks in oil nests (¢gure 2b). This was also true for last-hatched chicks (¢gure 2c), with C chicks in H nests being signi¢cantly heavier than C chicks in oil nests (pˆ0.001). Thus, the mass hierarchy among chicks was less pronounced in androgen-treated nests than in oiltreated nests. After day 21, body mass di¡erences between the groups £uctuated much more, probably because of the small sample sizes.
(ii) Size Leg length, which is a good measure of size, did not vary with nest treatment at the age of one day (F 1,143ˆ0 .003 and pˆ0.96). However, leg length varied signi¢cantly with hatching order (F 2,143ˆ4 .25 and pˆ0.02). The interaction e¡ect of both factors was not signi¢cant (F 2,143ˆ1 .05 and pˆ0.35). The measurements of leg length seem to support the idea that there is a relation between androgen treatment and growth (¢gure 2df
). Both B and C chicks in H nests appeared to have longer legs than B and C chicks in oil nests. In contrast, A chicks in oil nests competing with two oil-treated sibs had longer legs than A chicks that had to compete with androgen-treated sibs. Statistical analysis revealed no overall treatment e¡ect (pˆ0.825) on leg length, but a signi¢cant e¡ect of hatching order (pˆ0.001). Furthermore, the interaction term of treatment hatch order was signi¢cant (pˆ0.001). Post hoc analysis showed that A chicks of H nests had signi¢cantly shorter legs than A chicks in oil nests (pˆ0.001). On the other hand, C chicks in H nests had signi¢cantly longer legs than C chicks in oil nests (pˆ0.044). The leg lengths of B chicks in H and oil nests were not di¡erent (pˆ0.09). These results suggest that the size hierarchy in nests was reduced as a result of the androgen treatment. In summary, the above results show that, when controlling for egg quality, hatching asynchrony was the most important determinant of size hierarchy within broods. However, elevated androgen levels in laterhatching eggs appeared at least partly to compensate for the size hierarchy resulting from asynchronous hatching.
DISCUSSION
This study shows that, in black-headed gulls, yolk androgen levels increase with laying order and can in£u-ence chick development under natural conditions. In line with the hypothesis, our experimental elevation of yolk androgen levels, while controlling for egg quality and hatching asynchrony, enhanced chick growth and thereby counteracted hatching asynchrony. It is often hypothesized that reduced growth of last-hatched chicks, as compared with growth of their earlier-hatched siblings, is a consequence of their poor ability to compete over food with older and larger sibs (Ryden & Bengtsson 1980; Graves et al. 1984; Bryant & Tatner 1990; Price & Ydenberg 1995) . Our data show that parents may`help' their last-hatched o¡spring by favouring them with higher androgen concentrations, which seems to enable them to compete better with their sibs, as anticipated by Schwabl (1993) . The only other ¢eld study, which was conducted on American kestrels (Falco sparverius) by Sockman & Schwabl (2000) , failed to support this hypothesis. The results of that study suggested that high concentrations of androgens handicap nestlings hatching from later-laid eggs, thereby enhancing the e¡ects of hatching asynchrony even further.
The competitive ability of gull chicks is determined by size, aggression and mobility (Royle & Hamer 1998) , all of which may be in£uenced by androgens. We propose that di¡erential androgen allocation to the eggs of a clutch is a mechanism that enhances reproductive output. Asynchronous incubation is a mechanism that allows economical brood reduction when food availability is low (O'Connor 1978; Hahn 1981) . Parents can thus forego the high costs associated with chick feeding by rapidly eliminating the young that requires most future investment (Temme & Charnov 1987) . In order to forego unwanted brood reduction when food is abundant, the size hierarchy within a brood should be diminished. There are some indications that eggs hatch more synchronously when food is abundant (Murphy 1994; Wiebe & Bortolotti 1994 ) or parental quality is higher (Sydeman & Emslie 1992; Wiebe & Bortolotti 1994) . However, the need for the onset of incubation in order to avoid a decline in egg viability or egg predation (Magrath 1990; Stoleson & Beissinger 1995) may preclude complete hatch synchronization, thereby calling for additional mechanisms that allow the shaping of the optimal brood size.
A mechanism that may enhance reproductive output when food quantity is high is di¡erential androgen allocation to the eggs of a clutch. Last-hatched black-headed gull chicks clearly bene¢ted from hatching from an androgen-treated egg. At the same time, growth of the ¢rst chick was clearly suppressed by the presence of two androgen-treated sibs. Schwabl (1993) showed that maternal androgens elicit more begging behaviour from canary chicks and, in many avian species, higher begging intensity usually results in a higher rate of food provisioning by parents (Burford et al. 1998; Price 1998 ). However, parents may not be able to increase their e¡ort in nests with three chicks. Therefore, it is likely that, in black-headed gulls, androgens enhance the competitive abilities of the chicks. This may have a pronounced e¡ect on the distribution of food within androgen-treated nests.
Our data also show that eggs with a high level of yolk androgens hatched signi¢cantly sooner than eggs with low androgen levels, while there were no body mass di¡erences at hatching between egg treatments. The interaction term of treatment £ hatching order e¡ect on size was not statistically signi¢cant, indicating that the leg length of C chicks in H broods did not di¡er from that of A and B chicks in H broods, despite the fact that the former had hatched sooner. Moreover, there was some indication that, in oil nests, C chicks had smaller legs at hatching than A or B chicks, although all chicks hatched from eggs of the same quality and mass. This may be explained by the fact that the incubation patterns after transfer to foster nests varied slightly with the number of hatched chicks in a nest, which in£uenced egg temperature and, thus, development (Evans 1990 ). These results indicate that, besides having a bene¢cial postnatal e¡ect on competitiveness, androgens may also enhance embryonic development, as was shown by Hauser & Toran-Allerand for mice (1989) . This would decrease the size hierarchy already within a brood at a very early stage. There are indeed indications that, in natural clutches, last-laid eggs, which tend to be smaller, have a tendency to hatch sooner, thereby reducing hatching asynchrony (Glutz von Blotzheim & Bauer 1982; BlairBollinger 1994) . Although our results show that hatching asynchrony is the most important factor determining chick size in black-headed gulls, last-hatched chicks may be at least partly compensated for their handicap by faster embryonic development and enhanced posthatching growth via higher levels of maternal androgens in their eggs.
The e¡ect of yolk androgen levels on chick survival was less clear. This may have been due to the small sample size. Although not statistically signi¢cant, the average number of £edglings was higher in H nests. This was predominantly caused by increased survival of B chicks. The mortality of last-hatched chicks was highest during the ¢rst week. This can be explained by the fact that last-hatched chicks were less mobile and less able to obtain food during this period. After this period the mortality of last-hatched chicks was low, indicating that they were able to fend for themselves, despite their smaller size. The lack of survival di¡erences between oil and H nests may have been obscured by parental quality. Presumably only high-quality parents are able to raise a full brood. However, since foster parents were assigned randomly, the fractions of high-and low-quality parents 
(c) f ( ) Figure 2. (a^c) Body mass changes with increasing age compared with the body mass of B chicks in oil nests for ¢rst-, second-and third-hatched chicks in all oil and H nests. Note that the mass of B chicks from control nests is 0 at all ages because we normalized the mass of the other chicks for all ages by subtracting the mean mass of the B chicks in oil nests. (d^f ) Similar data for leg length. For body mass the sample size decreases over time from 22 to 5 oil nests and from 24 to 4 H nests. For leg length the sample size decreases over time from 22 to 6 oil nests and from 24 to 6 H nests. The standard errors are very small for leg length and are only missing for age 12 days in A oil chicks, age 7 and 9 days in B oil chicks, age 6, 8, 13 and 14 days in C oil chicks, age 14 days in A H 0 chicks, age 11 days in B H 1 chicks and age 12 days in C H 2 chicks.
were probably equal in the oil and H nests and in both typ es of nests high-quality parents were probably able to supply enough food for their three chicks. However, androgen treatment seemed to change the distribution of food across the chicks. This probably resulted in the lesspronounced body mass di¡erences at £edging in H nests as compared with oil nests. Since mass at £edging is an important determinant of ¢rst winter survival (Van der Jeugd & Larsson 1998), we suspect that the overall survival probabilities of chicks £edged from H nests might be higher.
We have shown that elevated yolk androgen levels can be bene¢cial during early development. High yolk androgen levels may also bene¢t success later in life, as demonstrated in canaries (Schwabl 1993) . Canaries hatching from eggs containing higher doses of maternal androgens obtained higher social ranks later in life. This may be the long-term result of early organizing e¡ects of androgens, which may even in£uence reproductive strategies. Ros (1997) showed that black-headed gulls treated early in life with testosterone have a higher sensitivity to androgens later on. This may incite birds that developed in eggs with higher androgen levels to start reproduction at a younger age and help them to acquire and defend a territory of high quality. Such consequences later in life are the focus of further studies.
